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; ABSTRACT

3

g A beam-forming netwerk (Bi'N) consisting of a tree of variable power

2 dividers (VPD's) is typically us2d to divide the power among beams in a
multiple-beam antenna. During tle changeover from one set of beam configura-
tions to another it is important :hat a user who is present in both config-

& urations does not have his commun:cation channel disturbed. A procedure is

i presented for systematically changing the VPD's, first t« an intermediate

s configuration, and then t- a final confizuration, whichk avoids any disturb~

; ance to continuing urers.
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I. Introduction

Previous reportsl'2 have described a multiple-beam antenna for satellite-
to—earth communication consisting of a microwave lens fed by an array of
tiorns. Power is divided among the horns to vary the antenna pattern at will
by means of a heam-forming network (BFN) which consists of a number of vari-
able power dividers (VPD's) in a corporate structure array. Such an antenna
has potential usefulness as a satellite-borne communication antenna in a sit-
uation where coverage patterns on the earth must be changed from time to time
to fit changing communication needs.

A schematic diagram of a 1l6-output BFN is shown in Fig. 1. Each junc-
tion in this diagram represents a variable power divider, which typically
consists of two hybrid junctions and two phase shifters in a bridge circuit.3
The differential phase shift between these phase shifters is varied to vary
the power division between the two output ports of the bridge.

This taechnical note addresses the problem of how to switch the BFN from
orie power distribution to another without causing the EIRP of a continuing
user .ne who maintains communication in both distributions) to be interrupted
during 're switchover. A procedure 1is preserted for reconfiguring the BFN
in such a way as to cause minimum disturbance (a drop of 3 dB or less) to
such a usec. The specific requirement is that a continuing user experience a
drop in EIRP of no more than 3 dB below the present or new EIRP, whichever
is smaller. The temporary 3 dB drop in power is to take place over a short
time and allows for the use of latching ferrite phase shifters3 in the VPD's.

The 3 dB value ir due to 'he fact that when the power divigion of a VPD is
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Fig. 1. 16-Element beam-forming network, schematic
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changed, the ferrite phase shifters go through a reset-set sequence,with the
reset state resulting in nominally equal power division between 1te output
ports. Thus a 3 dB power drop can occur in certain cases for a short period
of time. In order to limit this drop to a maximum of 3 dB, the VPD's must be
switched nne level of the BFN at a time rather than all levels simultaneously.
(In the latter case the 3 dB drop could increase to 3N dB where N is the uum-
ber of levels.)

In eccordance with the above requirement, an algnrithm has been dovised
which ensures that the power drop never exceeds 3 dB below that of the initial
or final power setting of any port of the BFN, and this drop only occurs during
the reset time of the ferrite phase shifter. The algorithm requires that the
VPD's be set in successive levels starting from the Nth level, procreding to
the first level and then back up to the Nth level. The Nth level is adjacent
to the M-port end of a 1:M BFN, The first level has a single VPD; whereas the
Nth level has M/2 VPd's, where M = ZN-l. (see Fig. 1).

1I. Algorithm
Nth Level through 2nd Level

1. 1If the total power into a VPD incrazases when going
from the initial distribution to the final distri-
bution, do_not set the VPD to the final power divi-
sion.

2. If the total power into a VPD decreases or remains
constant, whuen going from the initial distribution
to the final distribution, set the VPD to the final
power division.

First Level

1. Set the single VPD to the final power division.

—ye
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Second Level through Nth Level

1. Set all VPD's that have not been previously set
to their final power division.

Note: At any level all of the VPD's,if of the latch-
ing ferrite variety, must go through the reset-
set cycle (even i{f their power divisions are
not to be changed) in otvder to maintain the
sane insertion phame at all ports. .

The use of the above algorithm requires that the total power into all
VPD's (normalized to the input power to the first level VPD) first be computed
for both initial and final distributions. However this must be done anyway,
in order to determine the proper settings for each of the VPD's.

Utilizing Fig. 2 which shows a BFN for an 8-beam system an example of

the use of the algorithm follows,

Level of %
Switching Output Power Units on Ports ] 5
1.z

A B c D E F C H ¥

Initial 1 1 0 2 1 1 9 2 ‘ !
3rd Level 1 1 2 0 1 1 11/3  22/3 i
2nd Level 1 1 2 0 13/5 13/5 39/15 78/15 : 3
lst Level 1 1 6 0 1 1 1 2 L
2nd Level 11/2  11/2 1 0 1 1 1 2 B
3rd Level -'E?
and final 1 10 1 0 1 1 1 2 ; %
In the above vxample it 1is noted that the power level on any port does . coe

not drop below the smaller of its initial or final values. If instead of this
procedure, the fitat VPD in the 3rd level had been switched first to its final

value, the power at A would have dropped by 10 dB and similarly if the lst
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FINAL 1 10 1 0 1 1 1 2
INITIAL 1 1 0 2 1 1 9

3rd
LEVEL 1 1

2nd 11 1

LEVEL

lst 12 5
LEVEL i

| Na76-20 (20 .
17 UNITS OF INPUT POWER

NOTE: UPPER NUMBERS ARE POWER DIVISIONS FOR FINAL DISTR.
LOWER NUMBERS ARE POWER DIVISIONS FOR INITIAL DISTR.

Fig. 2. Example of use of algorithm
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level VPD had been switched first, power at ports EFG would have dropped by

4 dB.

ITI. Proof of Algorithm

In order to prove that this algorithm provides the desired results, con-
sider a typical path through a BFN as shown in Fig. 3. (Figure 3 represents
a portion of a 32-port BFN.) Pi represents the power into the typical VPD,
at the (i+1)th level, Ci repres~ “s the power coupling coefficient of the
ith VPD, a number between O and 1, ‘ssuming lossless VPD's) and is the num-

ber relating the coupling from one VPD to the next so that

P w C

141 " Ciqp By

It is agsumed that Po' the input power level, remains unchanged, We will
prove the algorithm for the path shown for a 5-level BFN, and by extension
this will prove it for any path through the BFN, A similar proof holds for a

BFN of any number of levels, We also consider only a transmitting antenna,

(1)

but the same argument holde true for a receiving antenna. Let Pi and

Ci(l) be the initial values of Pi and Ci’ Pi(2>’ and Ci(z) be their final

values., We wish to show that P5 2 Ps(l> or P5.Z Ps(z) at all times while

golng through the steps of the procedure.

A, Step 1
Following the rules of the algorithm, set the 5th level of VPD's:
1l 2 1
1., If PA( ) < PA( ), 05 remains at CS( ). P5

thus remains unchanged, at its initial value.

] g
ARk e ol Pk
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A
P4
3
AP
2
c
1
Typical path through a BFN
7

Fig. 3.




@)

, set C5 to its new value, C5

T TR ST ST ey T T R

1) (2)
2. 1€, >p,

P now becomes P, = CS(Z)PA(I) > CB(Z)PA(Z) - PS(Z)’ o

TR

PS is greater than or equal to its final value.

Thus in Step 1 we have satisfied the requirement. (This step 1s outlined in

P BT T T T g

: Fig. 4.)
; Set the 4th level of VPD's,
E 1. 1f P3(1) < P3(2), CA remaing unchanged at Ca(l{ . ’

4(1’. We have changed nothing

and thus P4 remains at P
at this step so P5 is unchanged.

2. If P3(1) Z_P3(2), change CA to 04(2). P4 then

takes on an intermediate value, P:’ = C4(2)P3(1) 2

¢, P, «p P 166,® >, D tnenp) >p,P

and P5 is thus increased or remains uanchanged in this

@) 04(1) , then PQI < Pa(‘)

we must have reduced P5 in this step. However, if

I
4 4

been set to its new value, C

step. If however C4 , and

P, <P (l), then PA(Z) < Pa(l) and thus C, will have ‘

(2), in Step 1. There-

5
. e DT (), @)
fore in this step P5 becomes P5 C5 P4 z_CS P4

-

L A s Bt i et AN P AT e ML

L
WERE S

Ps(z), and so P5 is greater than or equal to its final

value, as desired.

(This step 1is outlined in Fig. 5.)
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C.

Steps 3=5

Similar a: ;.ments may be carried out for setting each
level of VPD's to their intermediate states. The logic
for Step 3, for example, is outlined in Fig. 6.
Step 6

In Step 6, we start back up the tree, setting level
2 to its final value. We need only be concerned if we
have not yet set C2 to 1ts final value, in Step 4, and
if 02(2) < Cz(l), vhich would reduce P2 and would thus
reduce P5, possibly below the desired level. The upper

part nf the tree is, at this point in the procedure, set

so0 that P5 is at an acceptable level 1if P2 - Pz(l), a

situation which was the case just before Step 5., Thus

we need only be concerned 1f, after this step, P2 is

reduced below Pz(l). The level of P2 after this step

is P2 - CZ(Z)PI(Z) = P2(2)’ 80 we are concerned only if

P7(2) < Pz(l). But if this is the case, then C, will have

3
bean get to its final value, C3(2), in Step 3, and so set-

»

ting C, in this step merely sets P3 to its final value, I

The same argument now holds at level 4: We can only have ‘

!
A
i
'3
§
{
{
;
i
3
g

a possible problem 1if P3 is reduced in this step belcw its

initial value. But 1f P $2) <P (1), c hﬁs already been

3 3 4

set to its final value in Step 2, and so setting C2 in
¢ (2) (1)
this step will set PA P6 . If P4 < Pb , 05 will
11
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”
have been set to Cs(“), and the effect of this step

will be to set P5 to its final desired value.
This argument is outlined 1 Fig, 7, and a similar argument holds for ~ach
of Steps 7, 8 and ¢ in which Levels 3, 4 and 5 are set to their final values,

Thus we have shcwn that the vroposed algorithm satisfies the requirement

that P5 remains greater than or equal to its initial or final value after

each step in the procedure.

13
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Between the time you ordered this report—
which is only one of the hundreds of thou-
sands in the NTIS information collection avail-
able to you—and the time you are reading
this message, several nev: reports relevant to
your interests probably have entered the col-
lection.

Subscribe to the Weekiy Government
Abstracts series that wiil bring you sum-
maries of new reports as soon as they are
received by NTIS from the originators of the
research. The WGA’s are an NTIS weekly
newsletter service covering the most recent
research findings in 25 areas of inoustrial,
technological, and sociological interest—
invaluable infornaiion for exacutives and
professicnals who imust keep up to date.

The executive and professional informa-
tion service provided by NTIS in the Weekly
Government Abstracts newsletters will give
you thorough and comprehensive coverage
\of government-conducted or sponsored re-
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search activities. And you'!l get this imnor-
tant information within two weeks of the time
it's released by originating agencies.

WGA newsletters are computer produced
and electronically photocomposed to slash
the time gap between the release of a report
and its availability. You can learn about
technica!l innovatio":s immediately—and use
them in the most meaningful and productive
ways possible for your organization. Please
request NTIS-PR-205/PCW for more infor-
mation.

The weekly newsletter series will keep you
current. But learn what you have missed in
the past by ordering a computer NTISearch
of all the research reports in your area of
interest, dating as far back as 1964, if you
wish. Please request NTIS-PR-186/PCN for
more information.

WRITE: Managing Editor
5285 Port Royal Road

Springfield, VA 22161 J

SRIM (Selected Research in Microfiche)
provides you with regular, automatic distri-
bution of the complete texts of NTIS research
reports only in the subject areas you select.
SRIM covers almost all Government re-
search reports by subject area and/or the
originating Federal or local government
agency. You may subscribe by any category
or subcategory of our WGA (Weekly Govern-
ment Abstracts) or Government Reports
Annuvuncements and Index categories, or ¢
the reports issued by a particular agency
such as the Department of Defense, Federal
Energy Administration, or Environmental
Protection Agency. Other options that will
give you greater selectivity are available on
request.

The cost of SRIM service is only 45¢
\domestic (60¢ foreign) for each complete

a Keep Up To Date With SRIM I

microfiched report. Your SRIM service begins
as soon as your order is received and proc-
essed and you will receive biweekly ship-
ments thereafter. If you wish, your service
will be backdated to furnish you microfiche
of reports issued earlier.

Because of contractual arrangements with
several Special Technology Groups, not all
NTIS reports are distributed in the SRIM
program. You will receive a notice in your
microfiche shipments identifying the excep-
tionally priced reports not available through
SRIM.

A deposit account with NTIS is required
before this service can be initiated. If you
have specific questions concerning this serv-
ice, please call (703) 451-1558, or write NTIS,

attentioi SRIM Product Manager. J

This information product distributed by
N’"B US. DEPARTMENT OF COMMERCE

National Technical Information Service

5285 Port Royal Road
Springfield, Virginia 22161
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